US006987370B2
12y United States Patent 10) Patent No.: US 6,987,370 B2
y y
Chheda et al. 45) Date of Patent: Jan. 17, 2006
(54) METHOD AND SYSTEM FOR COOLING 5,598,314 A 1/1997 Hall
ELECTRONIC COMPONENTS 6,128,905 A * 10/2000 Fahlsing .........c............ 60/661
6,182,902 B1 * 2/2001 Shih .....covvviiiiinnn. ... 236/35
(75) Inventors: Sachin Navin Chheda, Roseville, CA 6 108045 B 19001 Du ef al
(US); Stephan Karl Barsun, Auburn, 6?23 6? 124 B:h 5?20(; Buke -
CA (US); Ricardo E. Epinoza-Ibarra, T i o
Lincoln, CA (US) 6,356,435 B1 * 3/2002 Davis et al. ................ 361/678
6,400,045 Bl 6/2002 Hosohawa et al.
(73) Assignee: Hewlett-Packard Development 6,438,984 B1  8/2002 Novotny et al.
Company, L.P., Houston, TX (US) 6,474,409 B1  11/2002 Sterner
6,505,680 B1  1/2003 Hegde
(*) Notice: Subject to any disclaimer, the term of this 6,561,261 B2  5/2003 Wagner
%atselg 1;’5?52‘;“36% f’ir adjusted under 35 2003/0011984 A1 1/2003 Chu et al.
e y U aars 2003/0015983 Al * 1/2003 Montero et al. .......... 318/473
_ 2003/0063437 Al 4/2003 Kurihara
(21) - Appl. No.: 10/602,972 2003/0230939 Al 12/2003 Hu et al.
(22) Filed: Jun. 23, 2003
(65) Prior Publication Data * cited by examiner
US 2004/0257013 Al Dec. 23, 2004
(51) Int. C. Primary Examiner—Karen Masih
HO2P 1/00 (2006.01) (57) ABSTRACT
gg gsldle Cl """ _ ﬁt """ 8318/ 168; 318/ 254;331188//2 76883 A localized system for dissipating heat generated by an
ield of Classification Search ................. :

318/254. 138. 439. 595. 783. 782. 478. 473 electronic component includes a controllable cooling ele-
? ? ? ? 3(;1 /67é; 3058/935 ment and a control system for controlling the cooling

See application file for complete search history. element. The control system adjusts a speed of operation of
the cooling eclement 1n response to variations 1n power

(56) References Cited : .
consumption of the electronic component.
U.S. PATENT DOCUMENTS
5099181 A * 3/1992 CANON woeverveeeeeerenn. 318/254 103 Claims, 9 Drawing Sheets
130
101
100 131
|
8
icrocontrolles [—Cote S
132

Tachometer Output



U.S. Patent Jan. 17, 2006 Sheet 1 of 9 US 6,987,370 B2

Heat

—
~———» Dissipated
\

N

101

Heat

100

,




rA

=

e0c|

US 6,987,370 B2

IndinQ J8)oWwioyoe |
&N
e
3 19MOd dwa |
7
=
3 '.‘ leubig joiuo0)
7 _
=

20¢ 1} 40c¢ |

L0}

U.S. Patent



US 6,987,370 B2

Sheet 3 of 9

Jan. 17, 2006

U.S. Patent

101

IndinQ Jayawioyoe |

[EUDIS |OQUOD

19 ||OJJUOO0IL0IN

OEL

LEl

ctl

JBMOd

dwia |

I

00.L



US 6,987,370 B2

Sheet 4 of 9

Jan. 17, 2006

U.S. Patent

Lpl

A
ROX

IndinQ Js)awioyoe |

(.
@0
NN}

leubig j0uo0n |

101

N4

la|j0nuan
juswabeuey
« uaje
[BULBY] WEISAS | 5Be)s om |

Wa)SAg |0Jiu0)

Otl

cEl

LEL

001

9]



US 6,987,370 B2

Sheet 5 of 9

Jan. 17, 2006

U.S. Patent

24!

13(|04]JU0D)
juswsbeuey

[BuLay] WalsAg

OFL

aln|e4

Ho|e
abels om |

Juswia|g buljoon

+ W8BJSAG |043U0N

Juswa|g Huijoon

+ W8JSAG [0JJu0n)

£G1

1253

Jamod

duio |

GGl

¢ul

AN

1oMod

dwa ]

el

LGl

NdO

051



US 6,987,370 B2

Sheet 6 of 9

Jan. 17, 2006

U.S. Patent

=100])! 19

owp\

I9AD] |[BULION

[9AS7] ploysaly |

uonduwnsuo)
lamod



U.S. Patent

Power
Consumption

Jan. 17, 2006 Sheet 7 of 9

=
>
O
1
©
=
O
Z

time

US 6,987,370 B2




L8]

¢, PS}|0Ju0D
a( O} paad ||iS
'dwigy N

pu ON

US 6,987,370 B2

Juswae buljoos uawae Buljood
- JO paads ulejuie JO paads asealna(
S
&
L
e 981 g8l S9A
=
’p

¢, 9SeaI00p

- ON uonduinsuod 0
—
= Jamod D)
o\
~ PId
— 14°1"
=
o~
—

U.S. Patent

c8l

Juaiwusia buljood
JO poads asealou;

SO

¢,8580.10Ul
uondwnsuos
lamod 9|

Pid

Aue J1 ‘sajnu Aiddyy

€8l

181

081

Il 40
uondwnsuod Jjamod

JUaliind alnNseay

SoA



; P8||oJjuod

pu3 ON aq o} paau {|is

US 6,987,370 B2

dws} |
A+
SOA
- }awale buljood Jusws|s Buljood uswials Bunood
e JO poads ulejuien JO poads asealda( 10 paads asealouy
&N
m 96 L G6 1 SOA SOA €ol
p
o ¢/, 9SBaI09p ¢,8SE3I0U|
m ON QEm”_. ) ON QEOH_. )
- _ |
> PIQ p1d 261
= b6 |
—

Ol Jo "dwsay

Aue yi ‘sajru Alddy JUSLING BINSESA

061

161

U.S. Patent



US 6,957,370 B2

1

METHOD AND SYSTEM FOR COOLING
ELECTRONIC COMPONENTS

BACKGROUND

Computers and other electronic devices contain numerous
clectronic components such as processors, memory and
graphics products, and other integrated circuits (ICs) that
orve off heat. Most electronic components are heat-sensitive
and may malfunction or become physically damaged it they
become too hot. However, the heat threshold within which
cach component 1n a given electronic device can safely
operate varies from component to component. Thus, system
level cooling elements as well as cooling elements attached
to individual ICs within an electronic device are vital to the
functionality of many electronic devices. These cooling
clements may be heat spreaders, fans, blowers, heat sinks,
and others.

Some cooling elements can be controlled manually or by
a conftrol system that i1s part of an electronic device. For
example, a fan can be controlled to operate at varying
speeds. Controllable cooling elements are advantageous 1n
many electronic devices because they save power and
reduce overall system noise by not always operating at full
speed.

Some celectronic devices rely solely on system level
cooling elements for their thermal management. In many
clectronic devices, however, system-wide cooling requires
expensive and space-consuming overhead. Thus, in many
instances, individual cooling solutions for some or all of the
ICs within a particular electronic device are more efficient,
require less space, and are less expensive than a system level
cooling solution.

Most thermal control systems that are controllable are
based on the temperature of the ICs that they cool. For
example, a fan’s speed may be increased 1if a particular IC’s
temperature rises to an undesirable level. However, a ther-
mal control system that 1s based solely on an IC’s tempera-
ture 1S sometimes 1naccurate, inefficient, and unable to
recognize and react to certain trends in the IC’s power usage.

SUMMARY

A localized system for dissipating heat generated by an
clectronic component mncludes a controllable cooling ele-
ment and a control system for controlling the cooling
clement. The control system adjusts a speed of operation of
the cooling eclement 1n response to variations 1n power
consumption of the electronic component.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate various embodi-
ments of the present invention and are a part of the speci-
fication. The 1llustrated embodiments are merely examples
of the present invention and do not limit the scope of the
invention.

FIG. 1 shows an exemplary integrated circuit configura-
tion with a cooling element according to an embodiment of
the 1nvention.

FIG. 2 shows an exemplary thermal control system
according to an embodiment of the invention.

FIG. 3 illustrates an exemplary implementation of the
control system using a microcontroller according to an
embodiment of the invention.

FIG. 4 1s an exemplary configuration illustrating how the
control system may be 1mplemented in a system level
cooling solution according to an embodiment of the inven-
tion.
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FIG. § 1llustrates how more than one control system and
cooling element may be used 1n combination with a system
level cooling solution according to an embodiment of the
invention.

FIG. 6 1s a graph 1llustrating power consumption by an
integrated circuit for which a control system could be
created or programmed to have memory according to an
embodiment of the 1nvention.

FIG. 7 1s graph 1llustrating power consumption by an IC
for which variations in the power consumption may require
the control system to selectively ignore variations 1in power
consumption according to an embodiment of the invention.

FIG. 8 1s a flow chart 1llustrating a possible method of
implementing the present control system with memory
according to an embodiment of the nvention.

FIG. 9 1s another flow chart illustrating a possible method
of 1mplementing the present control system with memory
according to an embodiment of the mmvention.

Throughout the drawings, identical reference numbers
designate similar, but not necessarily i1dentical, elements.

DETAILED DESCRIPTION

A method and system for controlling a cooling element
associated with an integrated circuit (IC) are described
herein. The control system uses the IC’s temperature and
power consumption as inputs into the control system. By
monitoring not only the IC’s temperature, but also 1ts power
consumption, the control system may predict the amount of
heat generated by the IC and cool the IC with more accuracy
and efficiency. The present system will be described, for ease
of explanation only, 1n the context of an IC. However, the
control system described herein may be used to cool many
different electronic components and groups of components
such as chipsets, central processing units (CPUs), voltage
regulators, storage units, disk drives, mput/output devices,
and others.

FIG. 1 shows an exemplary integrated circuit (IC) con-
figuration with a cooling element, according to an exem-
plary embodiment. As shown in FIG. 1, an IC (100) requires
a certain voltage (V) to operate. Associated with this voltage
is a current (I) that is used by the IC (100) in its operation.
The power (P) used, or consumed, by the IC (100) can be
calculated using the formula P=V*I. In other words, the
power used by the IC (100) is equal to the product of the
voltage and current supplied to the IC (100). The same
formula may be used to calculate the power consumed by
any electronic component.

The voltage and current may be supplied by the system of
which the IC (100) is a part. It is important to note that the
configuration of FIG. 1 1s exemplary 1n nature and that many
other voltage supply configurations are possible. For
example, the IC (100) could have multiple voltages. In this
case, the consumed power may be computed by using the
dominant voltage rail or a function of the different rails as
the voltage value (V) in the power formula given above.

As shown 1n FIG. 1, the IC (100) generates heat during

operation. For reasons known to one skilled in the art, most
of the power consumed by the IC (100) results in heat. Thus,
by calculating the power consumed by the IC (100), one can
find the approximate amount of heat that 1s generated by the
[C (100). In other words, the amount of heat generated by

the IC (100) is roughly equivalent to the amount of power
consumed by the IC (100).

FIG. 1 shows that the heat generated by the IC (100) is
dissipated by a cooling element (101) according to an
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exemplary embodiment. The cooling element (101) helps
prevent the IC (100) from overheating. If an IC overheats, it
may temporarily malfunction or even be permanently
destroyed. The cooling element (101) of the exemplary
configuration of FIG. 1 1s a fan or blower. However, the
cooling element (101) may be, but is not limited to, a fan,
blower, turbo cooler, heat sink, or a heat spreader, for
example. It may be mounted on the IC (101) or it may be
located near the IC (101) in an electronic device of which the
IC (100) is a part. The cooling element (101) may be
powered by the same source that powers the IC (101) or it
may have 1ts own power supply.

There may be more than one cooling element in a cooling,
solution for the IC (100). A cooling solution comprises the
circuitry and cooling elements that dissipate the heat gen-
erated by the IC (100). For example, the IC (100) of FIG. 1
may have a cooling solution that includes a heat sink (not
shown) mounted on top of it in addition to a fan or blower
(101). The number of cooling elements used in a particular
cooling solution will vary depending on the structure and
temperature requirements of the ICs that are to be cooled.

A cooling element 1s controllable 1if its method of opera-
tion can be controlled manually or automatically (i.e., with
a microcontroller) in response to a changing characteristic of
the IC that 1t cools. The changing characteristic may be the
IC’s temperature, power consumption, or some other chang-
ing characteristic of the IC that 1s indicative of 1ts changing
temperature. If the cooling element (101) of FIG. 1 is
controllable, 1ts speed of operation may be adjusted 1in
response to temperature changes and/or power consumption
variations the IC (100). A controllable cooling solution that
includes a controllable cooling element will be referred to
herein and 1n the appended claims, unless otherwise spe-
cifically denoted, as a thermal control system or simply as a
control system.

Some cooling elements are easier to control than others.
For example, cooling clements that may be a part of a
thermal control system include, but are not limited to, fans,
blowers, and turbo coolers. Most heat sinks, on the other
hand, are passive cooling elements, and are not controllable.
However, some heat sinks may be controllable and therefore
may be a part of a thermal control system according to an
exemplary embodiment.

An exemplary thermal control system 1s shown 1n FIG. 2.
In this exemplary embodiment, the control system 1s 1imple-
mented using a closed loop control system. A closed loop
control system, as shown in FIG. 2, 1s one that constantly
monitors the output of the cooling element (101) and adjusts
it according to any of a number of factors. For example, the
control system of FIG. 2 consists of a number of control
functions (120) that may be used to adjust a control signal
that controls the speed of the cooling element (101).

The control functions (120) in FIG. 2 may perform any of
a number of functions. The exact functions that they perform
will vary as best serves a particular implementation of the
control system. Thus, the following explanation of the
control functions (120) will serve only as an illustration of
some of the many possible functions that the control func-
tions (120) may perform.

As shown in FIG. 2, the cooling element (101) is a

controllable cooling element (101). For example, the cooling
element (101) in FIG. 2 may be a fan or blower that has a
tachometer output signal. The tachometer output signal 1s a
measurement of how fast the cooling element (101) is
operating. For example, the tachometer output signal may be
a measurement of how fast a fan’s motor 1s running 1n
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revolutions per minute (RPM). RPM will be used hereafter
and 1 the appended claims, unless otherwise specifically
denoted, as an exemplary measure of the speed or level of
operation of a cooling element. Other measurements of the
level of operation of a cooling element may also be used.

The tachometer output signal is mput 1nto the control
function (120a), as shown in FIG. 2. The control function
(120¢) may multiply the tachometer output signal by a
constant to amplify 1t before 1t 1s sent to the other control
functions (120b,¢). According to another embodiment, the
control function (120a) compares the tachometer output
signal with a preset value and adjusts the tachometer output
signal accordingly. For example, the preset value may be an
ideal RPM value for the cooling element (101). If the
tachometer output signal 1s lower than the 1deal RPM value,
then a control signal that 1s output from the control function
(120a) 1s modified so as to indicate to the cooling element
(101) to increase its RPM. Likewise, if the tachometer
output signals are higher than the ideal RPM value, then the
control signal that is output from the control function (1204)

is modified so as to indicate to the cooling element (101) to
decrease its RPM.

An alternate embodiment 1s that the control system of
FIG. 2 does not have the control function (120a). In this
case, the tachometer output signal 1s fed directly into the
control function (1205) from the cooling clement (101).

Referring again to FIG. 2, the control function (120a)
outputs a control signal. This control signal may be modaified
by other control functions (1205, c¢), as will be explained
below. After 1t 1s modified, the control signal 1s fed back mto
the cooling element (101). Thus, the control system of FIG.
2 1s a closed loop control system. The control signal controls
the operational speed of the cooling element (101). For
example, the amplitude of the control signal may be
increased to increase the speed in RPM of the cooling

clement (101).

The control signal of FIG. 2 may be any type of control
signal that controls the cooling element (101) and will vary
as best serves a particular application. One exemplary con-
trol signal 1s a pulse width modulation (PWM) control
signal. A PWM control signal varies the on/off duty-cycle of
the supply voltage to the cooling element (101) using a drive
transistor. In this way, the PWM control signal may effi-
ciently control effective power delivered to the cooling
element’s (101) motor.

Another exemplary control signal 1s a linear voltage
control signal. A linear voltage control signal varies the
direct current (dc) voltage applied to the cooling element
(101) to vary the cooling element’s speed (e.g., RPM).
Varying the dc voltage to some cooling elements, such as
fans, changes their RPM proportionally.

Returning to FIG. 2, the control signal output from the
control function (120a) is input into the control function
(120b6). The control function (120b) has another input for a
signal comprising a temperature reading of the IC (100) that
1s being cooled by the control system. This temperature
signal may be derived using inline sensing in the I1C (100)
itself. It may also be derived using many other temperature
sensing devices or circuits.

The control function (1205) may perform one or more of
a number of functions with the control signal and the
temperature signal. For example, the control function (1205)
may adjust the control signal based on variations in the
temperature signal. If the temperature of the IC (100)
increases, the control signal may be amplified or modified in
a way that indicates to the cooling element (101) that it is to
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increase 1ts RPM. Likewise, if the temperature of the IC
(100) decreases, the control signal’s amplitude may be
decreased or modified in a way that indicates to the cooling
element (101) that it may decrease its RPM. In this way,
power may be conserved and system noise may be decreased
when it is not necessary for the cooling element (101) to be
operating at a high RPM.

Another exemplary embodiment 1s that the control func-
tion (1205) compares the temperature of the IC (100) to a
preset value representing a maximum temperature at which
the IC (100) may properly operate. For example, the maxi-
mum temperature at which the IC (100) may operate could
be 75 degrees Celsius (C.). The control function (1205) may
compare the IC’s (100) actual temperature to this value and
adjust the control signal so that the cooling element (101)
cools the IC (100) to a temperature lower than the maximum
allowable temperature. The control system may also be
configured to send a failure signal to the IC (100) or to a
system-level control system to shut down the IC (100) 1f its
temperature goes above the maximum allowable tempera-
ture.

Another exemplary embodiment 1s that the control func-
tion (120b0) compares the temperature of the IC (100) with
a preset value representing an 1deal temperature at which the
[C (100) should operate. For example, the 1deal temperature
at which the IC (100) operates could be 30 degrees C. The
control function (120b) may compare the IC’s (100) actual
temperature to this value and adjust the control signal so that
the cooling element (101) cools the IC (100) to a tempera-
ture that 1s equivalent to this ideal temperature.

Yet another exemplary embodiment 1s that the control
function (1205) performs a combination of the above-
described functions. For example, the control function
(120b) could linearly adjust the control signal based on
variations in the temperature of the IC (100) while at the
same time ensuring that the IC’s (100) temperature does not
exceed 1ts maximum allowable temperature under which it
may operate.

After the control signal has been modified by the control
function (120b), it is fed into the control function (120c).
The control function (120c) also has another input for a
power signal comprising a power consumption reading of
the IC (100) that is being cooled by the control system. This
power signal may be derived by measuring the input voltage
and current of the IC (100) and then using the power formula
(P=V*I) described in connection with FIG. 1. The power
signal may also be derived using other devices capable of
measuring the power consumed by the IC (100).

The control function (120¢) may perform one or more of
a number of functions with the control signal and the power
signal. For example, one exemplary embodiment is that the
control function (120c¢) may adjust the control signal based
on variations in the power consumed by the IC (100). As was
explained 1n connection with FIG. 1, if the power consumed
by the IC (100) increases, the IC (100) produces more heat.
Thus, the control signal may be amplified or modified in a
way that indicates to the cooling element (101) that it is to
increase 1ts RPM 1if there 1s additional heat that needs to be
dissipated. Likewise, if the power consumed by the IC (100)
decreases, the control signal’s amplitude may be decreased
or modified m a way that indicates to the cooling element
(101) that it may decrease its RPM. In this way, power may
be conserved and system noise may be decreased when 1t 1s

not necessary for the cooling element (101) to be operating
at a high RPM.

Because the control system monitors the power that 1s
consumed by the IC (100) with the control function (120c¢),
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the control system may preemptively increase the RPM of
the cooling element (101) and dissipate the heat as it is
produced 1nstead of waiting for the temperature to increase
before cooling the IC (100). In other words, monitoring the
IC’s (100) power consumption enables the control system to
predict the amount of heat that will be generated by the IC
(100) and accordingly adjust the cooling element (101) to
compensate for the increased heat.

As shown 1n FIG. 2, after the control signal 1s modified by
the control function (120c¢), it is input into the cooling
element (101) or into a circuit that controls the cooling
element (101). According to an exemplary embodiment, the
control signal either speeds up or slows down the RPM of
the cooling element (101).

An alternate embodiment 1s that the control system 1llus-
trated in FIG. 2 does not have the control function (1205)
that modifies the control signal based on the temperature of
the IC (100). In this case, the only input from the IC (100)
into the control system 1s the power signal that goes into the
control function (120c).

The control system 1llustrated mn FIG. 2 may be 1imple-
mented 1n multiple ways. FIG. 3 1llustrates an exemplary
implementation of the control system using a microcontrol-
ler (130), according to an exemplary embodiment. As shown
in FIG. 3, the microcontroller (130) has three inputs. One of
the 1puts 1s the tachometer output signal from the cooling
element (101). The other two inputs are the temperature
(131) and power (132) readings from the IC (100). The
temperature and power inputs (131, 132) maybe analog
inputs according to one embodiment. However, they may be
digital signal inputs according to another embodiment. As
shown in FIG. 3, the microcontroller (130) outputs the
control signal to the cooling element (101). Thus, the
microcontroller (130) performs all of the control functions
(120) described 1n connection with FIG. 2, according to an
exemplary embodiment. The microcontroller (130) may be
an application specific integrated circuit (ASIC), field-
programmable gate array (FPGA), digital signal processor
(DSP), or some other type of IC.

An alternate embodiment 1s that the control system may
be implemented using analog components for each of the
control functions (120). The exact method of implementa-
fion using analog components will be obvious to one skilled
in the art and will not be explained herein.

The control system may be implemented 1n a system level
cooling solution as shown 1n the exemplary configuration of
FIG. 4. As shown 1n FIG. 4, a system thermal management
controller (140) controls a system cooling element (141).
The system cooling element (141) may be one or more of
any of the cooling elements previously discussed. For
example, the system cooling element (141) may be system
fans. The system thermal management controller (140)
controls the thermal environment of the system of which the
IC (100) 1s a part.

As shown in FIG. 4, the IC’s control system (130) in this
configuration has two outputs. One output 1s the control
signal that controls the cooling element (101). According to
one exemplary embodiment, the other output 1s a two stage
alert signal that goes to the system thermal management
controller (140). The two stage alert signal may be a signal
that performs two functions. The first stage alert request the
system thermal management controller (140) to boost fan
speed of the system cooling element (141). The second stage
of the two stage alert signal may be a failure signal that
requests the system thermal management controller (140) to
shut down the entire system due to excessive heat that
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cannot be dissipated. The two stage alert signal 1s one of
many possible alert signals that may be sent to the system
thermal management controller (140). The exact perfor-
mance requested by an alert signal will vary as best serves
a particular application.

FIG. 5§ illustrates an exemplary embodiment wherein
more than one control system and cooling element may be
used 1 combination with a system level cooling solution. As
shown 1n FIG. §, there are two control systems and cooling
elements (151, 152) that are used in combination with the
system thermal management controller (140) and system
cooling element (141). Although the exemplary configura-
tion of FIG. § has two control systems and cooling elements,
other systems may have more than one or two control
systems and cooling elements, as 1s readily apparent to one
of ordinary skill in the art. As shown in FIG. 5, the cooling
elements for the IC (100) and for the chipset (150) are not

shown, but are integrated into the control systems blocks
(151, 152) for ease of explanation.

The two components that are being cooled in FIG. 5 are
a central processing unit (CPU) (150) and a chipset (151). A
chipset 1s a group of microchips or ICs that are designed to
work as a unit in performing one or more related functions.
The CPU (150) and the chipset (151) are examples of many
types of ICs that may be cooled 1n the same system such as
input/output (10) controllers, memory units, etc.

FIG. 5 shows that the CPU (150) and the chipset (151)
have their own localized cooling solutions. These cooling
solutions are 1n addition to the system level cooling solution.
This configuration may be used in low-end systems where
the management processing power available 1s not adequate
for babysitting multiple ICs.

As shown 1n FIG. §, the CPU’s control system (152) is
configured to send a two stage alert to the system thermal
management controller (140). The two stage alert signal is
the same as the two stage alert signal described 1n connec-
tion with FIG. 4. The chipset’s control system (153) is
configured to send only a failure control signal to the system
thermal management controller (140) requesting it to shut
down the entire system or only the chipset (151). Again, the
control signals that are sent to the system thermal manage-
ment controller (140) may be any type of control signal. For
example, the chipset’s control system (153) may be config-
ured to send two stage alert signal to the system thermal
management controller (140).

Another exemplary embodiment 1s that a control system
for the IC (100) may be created to have rules, or memory. In
other words, the control system may be programmed or
designed to recognize certain trends in power consumption,
temperature variations, or mrregular IC or system behavior.
By recognizing such trends, variations, or irregular behavior,
the control system can maintain an appropriate control
signal to a cooling element.

FIG. 6 1s a graph 1llustrating power consumption by an IC
for which a control system could be created or programmed
to have memory. FIG. 6 shows an exemplary IC’s power
consumption as a function of time. As shown in FIG. 6,
between the times t, and t,, there 1s a short spike (160) in the
power consumption that goes above a threshold level. The
rest of the time, the power consumption only varies slightly
around a normal level. According to an exemplary
embodiment, the control system may be created or pro-
grammed to ignore a spike (160) in power consumption that
goes above a specified threshold if 1t lasts less than a
specified amount of time. For example, the specified amount
of time may be 250 milliseconds and the threshold may be
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70 watts. In this case, if the spike (160) in power consump-
tion 1s above 70 watts for 150 milliseconds, then the control
loop would ignore the spike (160) and not increase the speed
of the cooling element (101) to compensate for temporary
increase 1 power consumption. The specified threshold and
the specified amount of time will vary as best serves a
particular application.

There are a number of applications that may use a control
loop with memory for the situation described on connection
with FIG. 6. For example, a CPU might process mostly
integer numbers. But, occasionally 1t processes floating
point numbers. When the CPU processes a floating point
number, there 1s a spike in power consumption similar to the

spike (160) of FIG. 6.

According to another exemplary embodiment, the control
system may have memory or rules that allow it to selectively
ignore variations in power consumption. FIG. 7 1s a graph
illustrating power consumption by an IC for which varia-
fions in the power consumption may require the control
system to selectively 1gnore variations 1in power consump-
tion. FIG. 7 shows an exemplary IC’s power consumption as
a function of time. As shown 1 FIG. 7, the power consump-
tion varies frequently. In some applications, the cooling
element (101) is not capable of changing speeds at the same
rate that the power consumption varies. Therefore, accord-
ing to this exemplary embodiment, the control system may
ignore some of the variations in power consumption and use
instead use periodic readings of the power consumption as
the 1nput into the control function (120c¢). FIG. 7 shows that
the control system uses the values of power consumption at
the times t,, t,, . .

An alternate embodiment to that described 1n connection
with FIG. 7 1s that the control system selects every n-th
variation 1n the power consumption. For example, if the
power consumption varies 50 million times per second, the
control system selects every 10 millionth variation to use as
the input into the control function (120c¢).

L, b

The rules that may be programmed into the control system
that have been described above are examples of many
different rules that the control system may have. Additional
rules may be implemented to recognize other trends in
power consumption or in temperature change of an IC as
best serves a particular application.

Another exemplary embodiment entails using the control
system to perform predictive failure analysis. The control
system may collect and store in memory data related to the
cooling element. This data may be variation 1n operation
speed, amount of power consumed by the cooling element,
ctc. The control system may then analyze this data and
recognize trends that may indicate that the cooling element
has a certain percentage of failing after a certain amount of
time. The control system may be programmed to recognize
these trends and react to them m a number of ways. For
example, 1n one embodiment, the control system reports to
a higher enfity the existence of these conditions that may
predate a failure. Exemplary higher entities may be, but are
not limited to, system level thermal management processors
and service personnel. An alternate embodiment 1s that the
control system may disable a cooling element that it has
determined to have a high chance of failure and enable a
backup cooling element 1n 1ts place.

FIG. 8 1s a flow chart 1llustrating a possible method of
implementing the present control system with memory

according to one exemplary embodiment. The steps of FIG.
8 correspond to the control function (120c¢; FIG. 2) that has
an 1mnput for the power signal. The steps of FIG. 8 may be
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programmed 1nto the control system. They may also be
performed by a processor or another device conifigured to
perform them.

As shown 1 FIG. 8, the imitial step 1s measuring the
current power consumption of the IC that 1s being cooled
(180). Next, any rules, or memory, that have been pro-
grammed into the control system are applied (181). These
rules may be any of the rules that have been already
described above. The control system then determines
whether the IC power consumption has increased from the
previous measurement of the power consumption (182). If it
has, the speed of the cooling element is increased (183). If
the IC power consumption did not increase, but decreased
(184), then the speed of the cooling element is decreased
(184). If the power consumption did not increase or
decrease, the cooling element’s speed may be maintained at
its previous rate (186). However, an alternate step (not
shown) to step (184) is that if the power consumption did not
increase or decrease, the cooling element’s speed may be
decreased.

FIG. 9 1s another flow chart illustrating a possible method
of 1implementing the present control system with memory
according to one exemplary embodiment. The steps of FIG.
8 correspond to the control function (1205, FIG. 2) that has
an 1nput for the IC temperature reading. The steps of FIG. 9
may be programmed into the control system. They may also
be performed by a processor or another device configured to
perform them.

As shown 1 FIG. 9, the initial step 1s measuring the
current temperature of the IC that is being cooled (190).
Next, any rules, or memory, that have been programmed into
the control system are applied (191). These rules may be any
of the rules that have been already described above. The
control system then determines whether the IC temperature
has increased from the previous measurement of the tem-
perature (192). If it has, the speed of the cooling element 1s
increased (193). If the IC temperature did not increase, but
decreased (194), then the speed of the cooling element is
decreased (194). If the temperature did not increase or
decrease, the cooling element’s speed may be maintained at
its previous rate (196). However, an alternate step (not
shown) to step (194) is that if the temperature did not
increase or decrease, the cooling element’s speed may be
decreased.

The methods described in FIG. 8 and FIG. 9 may be

performed simultaneously, according to an exemplary
embodiment. They may also be mtegrated so as to function
with system thermal management controller (140; FIG. 5).

The preceding description has been presented only to
illustrate and describe embodiments of nvention. It 1s not
intended to be exhaustive or to limit the invention to any
precise form disclosed. Many modifications and variations
are possible 1n light of the above teaching. It 1s intended that
the scope of the mvention be defined by the following
claims.

What 1s claimed 1s:

1. A localized system for dissipating heat generated by an

clectronic component, said system comprising:
a controllable cooling element; and
a control system for controlling said cooling element;

wherein said control system monitors actual power con-
sumption of said electronic component and adjusts a
speed of operation of said cooling element 1n response
to variations 1in power consumption of said electronic
component.

2. The system of claim 1, wherein said control system
further adjusts said speed of said cooling element 1n
response to variations in temperature of said electronic
component.
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3. The system of claim 1, wherein said control system
increases said speed of said cooling element when said
power consumption of said electronic component increases.

4. The system of claim 1, wherein said control system
decreases said speed of said cooling element when said
power consumption of said electronic component decreases.

5. The system of claim 2, wherein said control system
increases said speed of said cooling element when said
temperature of said electronic component 1ncreases.

6. The system of claim 2, wherein said control system
decreases said speed of said cooling element when said
temperature of said electronic component decreases.

7. The system of claim 1, wherein said cooling element 1s
a fan.

8. The system of claim 1, wherein said cooling element 1s
a blower.

9. The system of claim 1, wherein said cooling element 1s
a turbo fan.

10. The system of claim 1, wherein said cooling element
1s a controllable heat sink or heat spreader.

11. The system of claim 2, wherein said localized system
1s 1mplemented 1 a system level cooling solution, said
system level cooling solution comprising:

a system cooling element; and

a system thermal management controller for controlling

said system cooling element.

12. The system of claim 11, wherein said control system
outputs an alert signal to said system thermal management
controller, said alert signal signaling to said system thermal
management controller to manage said system cooling ele-
ment.

13. The system of claim 12, wherein said alert signal 1s a
two stage alert signal, said two stage alert signal comprising:

a first stage alert signal requesting said system thermal
management controller to increase a speed of said
system cooling element; and

a second stage alert signal requesting said system thermal
management controller to shut down said electronic
component.

14. The system of claim 2, wherein said system 1s used 1n
combination with one or more other localized systems for
dissipating heat generated by electronic components 1n
addition to said electronic component 1n an electronic
device.

15. The system of claim 14, wherein each of said localized
systems 1s implemented 1n a system level cooling solution,
said system level cooling solution comprising;:

a system cooling element; and

a system thermal management controller for controlling

said system cooling element.

16. The system of claim 2, wherein said control system 1s
implemented using analog components.

17. The system of claim 2, wherein said control system 1s
configured with rules for recognizing trends in said varia-
tions 1in temperature and adjusting said speed of said cooling
clement according to said rules.

18. The system of claim 1, wherein said electronic com-
ponent 1s an integrated circuit.

19. The system of claim 1, wherein said electronic com-
ponent 1s a central processing unit.

20. The system of claim 1, wherein said electronic com-
ponent 1s a chipset, storage unit, processor, or voltage
regulator.

21. A localized system for dissipating heat generated by
an electronic component, said system comprising:

a controllable cooling element; and
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a control system for controlling said cooling element;

wherein said control system adjusts a speed of operation
of said cooling element in response to variations in
power consumption of said electronic component;

wherein said control system comprises:

a first control function for receiving a tachometer
output signal from said cooling element and output-
ting a control signal for adjusting said speed of said
cooling element, said tachometer output signal being,

a measurement of said speed of said cooling element;
and

a second control function for modifying a control signal
output from said first control function, said modifi-
cation based on a reading of said power consumption
of said electronic component;

wherein, after said control signal 1s modified by said
second control function, said control signal 1s input into
said cooling element and adjusts said speed of said
cooling element.

22. The system of claim 21, wherein said second control
function comprises an input for a power signal, said power
signal comprising said reading of said power consumption
of said electronic component.

23. The system of claim 21, wherein a microcontroller
comprises said control system.

24. A localized system for dissipating heat generated by
an electronic component, said system comprising:

a controllable cooling element; and
a control system for controlling said cooling element;

wherein said control system adjusts a speed of operation
of said cooling element in response to variations in
power consumption of said electronic component;

wherein said control system comprises:

a first control function for receiving a tachometer
output signal from said cooling element and output-
ting a control signal for adjusting said speed of said
cooling element, said tachometer output signal being
a measurement of said speed of said cooling element;

a second control function for modifying said control
signal, said modification based on a reading of said
power consumption of said electronic component;
and

a third control function for modifying said control
signal, said modification based on a reading of a
temperature of said electronic component;

wherein, after said control signal 1s modified by said
second and said third control functions, said control
signal 1s mput mto said cooling element and adjusts
said speed of said cooling element.

25. The system of claim 24, wherein said second control
function comprises an 1nput for a power signal, said power
signal comprising said reading of said power consumption
of said electronic component.

26. The system of claim 25, wherein, 1f said reading of
said power consumption 1s higher than a previous reading of
said power consumption, said second control function modi-
fies said control signal 1n a manner that results 1n an 1ncrease
of said speed of said cooling element.

27. The system of claim 25, wherein, if said reading of
said power consumption 1s lower than a previous reading of
said power consumption, said second control function modi-
fies said control signal 1n a manner that results in a decrease
of said speed of said cooling element.

28. The system of claim 24, wherein said third control
function comprises an input for a temperature signal, said
temperature signal comprising said reading of said tempera-
ture of said electronic component.
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29. The system of claim 28, wherein said third control
function:

compares sald reading of said temperature of said elec-
tronic component to a preset value representing a
maximum temperature at which said electronic com-
ponent may properly operate; and

modifies said control signal 1n a manner that results 1n said
speed of said cooling element being adjusted to cool
said electronic component to a temperature equal to or
lower than said maximum temperature.

30. The system of claim 29, wherein said control system
1s configured to shut down said electronic component 1f said
temperature of said electronic component goes above said
maximum temperature.

31. The system of claim 28, wherein said third control
function:

compares said reading of said temperature of said elec-
tronic component to a preset value representing an 1deal
temperature at which said electronic component should
operate; and

modifies said control signal 1n a manner that results 1n said
speed of said cooling element being adjusted to cool
said electronic component to or below said 1deal tem-
perature.

32. The system of claim 28, wherein, if said reading of
said temperature of said electronic component 1s higher than
a previous reading of said temperature, said third control
function modiifies said control signal in a manner that results
in an i1ncrease of said speed of said cooling element.

33. The system of claim 28, wherein, if said reading of
said temperature of said electronic component 1s lower than
a previous reading of said temperature, said third control
function modifies said control signal 1n a manner that results
in a decrease of said speed of said cooling element.

34. The system of claim 24, wherein said control signal 1s
a pulse width modulation control signal.

35. The system of claim 24, wherein said control signal 1s
a linear voltage control signal.

36. The system of claim 24, wherein said first control
function multiplies said tachometer output signal by an
amplilying constant.

37. The system of claim 24, wherein said first control
function:

compares said tachometer output signal to a value repre-
senting an 1deal speed for said cooling element; and

generates said control signal based on said comparison.

38. The system of claim 24, wherein a microcontroller
comprises said control system.

39. The system of claim 38, wherein said microcontroller
further comprises analog inputs for a temperature signal and
a power signal, said temperature signal comprising said
reading of said temperature of said electronic component,
said power signal comprising said reading of said power
consumption of said electronic component.

40. A localized system for dissipating heat generated by
an electronic component, said system comprising:

a controllable cooling element; and
a control system for controlling said cooling element;

wherein said control system adjusts a speed of operation
of said cooling element in response to variations in
power consumption of said electronic component; and

wherein said control system 1s configured with rules for
recognizing trends 1 said power consumption and
adjusting said speed of said cooling element according,
to said rules.
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41. The system of claim 40, wherein one of said rules
enables said control system to recognize a spike 1n power
consumption and 1gnore said spike if said spike does not last
more than a specified amount of time.

42. The system of claim 40, wherein one of said rules
enables said control system to selectively 1gnore said varia-
fions 1n power consumption.

43. The system of claim 40, wherein one of said rules
enables said control system to perform predictive failure
analysis.

44. The system of claim 43, wherein said control system
sends a signal to a system thermal management controller
reporting trends that indicate possible failure of said cooling
clement.

45. The system of claim 43, wherein said control system
shuts down said cooling element and enables a backup
cooling element 1f said predictive failure analysis indicates
that said cooling element could possibly fail within a set
amount of time.

46. A method of dissipating heat generated by an elec-
tronic component, said method comprising:

monitoring actual power consumption of said electronic
components; and

adjusting a speed of operation of a cooling element with
a conftrol system 1n response to variations in power
consumption of said electronic component.

47. The method of claim 46, further comprising adjusting
said speed of said cooling element 1n response to variations
in temperature of said electronic component.

48. The method of claim 46, further comprising increas-
ing said speed of said cooling element when said power
consumption of said electronic component Increases.

49. The method of claim 46, further comprising decreas-
ing said speed of said cooling element when said power
consumption of said electronic component decreases.

50. The method of claim 47, further comprising increas-
ing said speed of said cooling element when said tempera-
ture of said electronic component 1ncreases.

51. The method of claim 47, further comprising decreas-
ing said speed of said cooling element when said tempera-
ture of said electronic component decreases.

52. The method of claim 47, further comprising 1mple-
menting said control system 1n a system cooling solution.

53. The method of claim 52, further comprising output-
ting an alert signal from said control system to said system
cooling solution, said system cooling solution comprising a
system cooling element.

54. The method of claim 53, further comprising sending,
said alert signal 1n two stages, said two stages comprising:

a first stage alert signal requesting said system cooling
solution to increase a speed of said system cooling
element; and

a second stage alert signal requesting said system cooling

solution to shut down said electronic component.

55. The method of claim 47, further comprising using said
control system 1n combination with one or more other
control systems for dissipating heat generated by electronic
components 1n addition to said electronic component 1n an
electronic device.

56. The method of claim 355, further comprising 1mple-
menting each of said control systems 1n a system level
cooling solution, said system level cooling solution com-
prising a system cooling element.

57. The method of claim 47, further comprising recog-
nizing trends in said variations 1n temperature and adjusting
said speed of said cooling element according to rules pro-
crammed 1nto said control system.
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58. A method of dissipating heat generated by an elec-
tronic component, said method comprising:

adjusting a speed of operation of a cooling element with
a control system 1n response to variation 1In power
consumption of said electronic component;

generating a control signal for adjusting said speed of said
cooling element with a first control function, said
control signal derived from a tachometer output signal
from said cooling element;

modifying said control signal with a second control
function, said modification based on a reading of said
power consumption of said electronic component; and

controlling said cooling element with said control signal
that has been modified.
59. A method of dissipating heat generated by an elec-
tronic component, said method comprising:

adjusting a speed of operation of a cooling element with
a control system 1n response to variation in power
consumption of said electronic component;

generating a control signal for adjusting said speed of said
cooling element with a first control function, said
control signal derived from a tachometer output signal
from said cooling element;

modifying said control signal with a second control
function, said modification based on a reading of said
power consumption of said electronic component;

modifying said control signal with a third control
function, said modification based on a reading of a
temperature of said electronic component; and

controlling said cooling element with said control signal

that has been modified.

60. The method of claim 358, further comprising modity-
ing said control signal 1n a manner that results 1n an increase
of said speed of said cooling element if said reading of said
power consumption 1s higher than a previous reading of said
power consumption.

61. The method of claim 38, further comprising modify-
ing said control signal 1n a manner that results 1n a decrease
of said speed of said cooling element if said reading of said
power consumption 1s lower than a previous reading of said
power consumption.

62. The method of claim 59, further comprising;:

comparing with said third control function said reading of
said temperature of said electronic component to a
preset value representing a maximum temperature at

which said electronic component may properly operate;
and

modifying said control signal 1n a manner that results 1n
sald speed of said cooling element being adjusted to
cool said electronic component to a temperature equal
to or lower than said maximum temperature.

63. The method of claim 62, further comprising shutting
down said electronic component if said temperature of said
clectronic component goes above said maximum tempera-
ture.

64. The method of claim 59, further comprising:

comparing said reading of said temperature of said elec-
tronic component to a preset value representing an 1deal
temperature at which said electronic component should
operate; and

modifying said control signal 1n a manner that results 1n

said speed of said cooling element being adjusted to

cool said electronic component to or below said ideal
temperature.

65. The method of claim 59, further comprising modify-

ing said control signal 1n a manner that results 1n an increase
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of said speed of said cooling element 1f said reading of said
temperature of said electronic component 1s higher than a
previous reading of said temperature.

66. The method of claim 59, further comprising modify-
ing said control signal 1n a manner that results 1n a decrease
of said speed of said cooling element 1f said reading of said
temperature of said electronic component 1s lower than a
previous reading of said temperature.

67. The method of claim 59, further comprising multi-
plymng said tachometer output signal by an amplifying
constant with said first control function.

68. The method of claim 59, further comprising:

comparing said tachometer output signal to a value rep-
resenting an 1deal speed for said cooling element with
said first control function; and

generating said control signal based on said comparison.
69. A method of dissipating heat generated by an elec-
tronic component, said method comprising:

adjusting a speed of operation of a cooling element with
a control system 1n response to variation 1In power
consumption of said electronic component; and

recognizing trends 1n said power consumption and adjust-
ing said speed of said cooling element according to
rules programmed 1nto said control system.

70. The method of claim 69, further comprising recog-
nizing a spike i power consumption and ignoring said spike
if said spike does not last more than a specified amount of
fime.

71. The method of claim 69, further comprising selec-
tively 1gnoring said variations in power consumption.

72. The method of claim 69, further comprising perform-
ing predictive failure analysis for said cooling element.

73. The method of claim 72, further comprising sending,
a signal to a system thermal management controller report-
ing trends that indicate possible failure of said cooling
clement.

74. The method of claim 72, further comprising shutting,
down said cooling element and enabling a backup cooling
clement if said predictive failure analysis indicates that said
cooling element could possibly fail within a set amount of
time.

75. A system for dissipating heat generated by an elec-
tronic component, said system comprising:

means for directly monitoring power consumption of said
clectronic component; and

for adjusting a speed of operation of a cooling element in
response to variations in power consumption of said
clectronic component.

76. The system of claim 75, further comprising means for
adjusting said speed of said cooling element 1n response to
variations 1n temperature of said electronic component.

77. The system of claim 75, further comprising means for
increasing said speed of said cooling element when said
power consumption of said electronic component 1ncreases.

78. The system of claim 75, further comprising means for
decreasing said speed of said cooling element when said
power consumption of said electronic component decreases.

79. The system of claim 76, further comprising means for
increasing said speed of said cooling element when said
temperature of said electronic component 1ncreases.

80. The system of claim 76, further comprising means for
decreasing said speed of said cooling element when said
temperature of said electronic component decreases.

81. The system of claim 76, further comprising means for
implementing said control system 1n a system cooling solu-
tion.
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82. The system of claim 81, further comprising means for
outputting an alert signal from said control system to said
system cooling solution, said system cooling solution com-
prising a system cooling element.

83. The system of claim 82, further comprising means for
sending said alert signal 1n two stages, said two stages
comprising:

a first stage alert signal requesting said system cooling

solution to increase a speed of said system cooling
element; and

a second stage alert signal requesting said system cooling

solution to shut down said electronic component.

84. The system of claim 76, further comprising means for
using said control system in combination with one or more
other control systems for dissipating heat generated by
clectronic components 1n addition to said electronic com-
ponent 1n an electronic device.

85. The system of claim 84, further comprising means for
implementing each of said control systems 1n a system level
cooling solution, said system level cooling solution com-
prising a system cooling element.

86. The system of claim 76, further comprising means for
recognizing trends in said variations in temperature and
adjusting said speed of said cooling element according to
rules programmed 1nto said control system.

87. A system for dissipating heat generated by an elec-
tronic component, said method comprising:

means for adjusting a speed of operation of a cooling
clement 1n response to variations in power consumption
of said electronic component; and

means for generating a control signal for adjusting said
speed of said cooling element with a first control
function, said control signal dertved from a tachometer
output signal from said cooling element;

means for modifying said control signal with a second
control function, said modification based on a reading,
of said power consumption of said electronic compo-
nent; and

means for controlling said cooling element with said

control signal that has been modified.

88. The system of claim 87, further comprising means for
modifymg said control signal in a manner that results 1 an
increase of said speed of said cooling element 1f said reading
of said power consumption 1s higher than a previous reading
of said power consumption.

89. The system of claim 87, further comprising means for
modifying said control signal 1n a manner that results 1n a
decrease of said speed of said cooling element 1f said reading
of said power consumption 1s lower than a previous reading
of said power consumption.

90. A system for dissipating heat generated by an elec-
tronic component, said method comprising:

means for adjusting a speed of operation of a cooling
clement 1n response to variations in power consumption
of said electronic component; and

means for generating a control signal for adjusting said
speed of said cooling element with a first control
function, said control signal dertved from a tachometer
output signal from said cooling element;

means for modifying said control signal with a second
control function, said modification based on a reading,
of said power consumption of said electronic compo-
nent;

means for modifying said control signal with a third
control function, said modification based on a reading
of a temperature of said electronic component; and
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means for controlling said cooling element with said
control signal that has been modified.
91. The system of claim 90, further comprising;:

means for comparing with said third control function said
reading of said temperature of said electronic compo-
nent to a preset value representing a maximum tem-
perature at which said electronic component may prop-
erly operate; and

means for modifying said control signal 1n a manner that
results 1n said speed of said cooling element being
adjusted to cool said electronic component to a tem-
perature equal to or lower than said maximum tem-
perature.

92. The system of claim 91, further comprising means for
shutting down said electronic component if said temperature
of said electronic component goes above said maximum
temperature.

93. The system of claim 90, further comprising;:

means for comparing said reading of said temperature of
said electronic component to a preset value represent-
ing an 1deal temperature at which said electronic com-
ponent should operate; and

means for modifying said control signal 1n a manner that
results 1 said speed of said cooling element being
adjusted to cool said electronic component to or below
said 1deal temperature.

94. The system of claim 90, further comprising means for
modifying said control signal in a manner that results 1n an
increase of said speed of said cooling element if said reading
of said temperature of said electronic component 1s higher
than a previous reading of said temperature.

95. The system of claim 90, further comprising means for
modifying said control signal 1n a manner that results 1n a
decrease of said speed of said cooling element if said reading
of said temperature of said electronic component 1s lower
than a previous reading of said temperature.

96. The system of claim 90, further comprising means for
multiplying said tachometer output signal by an amplifying
constant with said first control function.

97. The system of claim 90, further comprising;:

means for comparing said tachometer output signal to a
value representing an 1deal speed for said cooling
element with said first control function; and
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means for generating said control signal based on said
comparison.
98. A system for dissipating heat generated by an elec-
tronic component, said method comprising:

means for adjusting a speed of operation of a cooling
clement 1n response to variations in power consumption
of said electronic component; and

means for recognizing trends 1n said power consumption
and adjusting said speed of said cooling element
according to rules programmed into said control sys-
tem.

99. The system of claim 98, further comprising means for
recognizing a spike 1n power consumption and ignoring said
spike 1f said spike does not last more than a specified amount
of time.

100. The system of claim 98, further comprising means
for selectively 1gnoring said variations in power consump-
tion.

101. The system of claim 98, further comprising means
for performing predictive failure analysis.

102. A localized system for dissipating heat generated by
an electronic component, said method comprising;:

a controllable cooling element; and
a control system for controlling said cooling element;

wherein said control system monitors actual power con-
sumption of said electronic component and adjusts a
speed of operation of said cooling element 1n response
to variations 1in power consumption of said electronic
component.
103. A localized system for dissipating heat generated by
an electronic component, said method comprising:

a controllable cooling element; and
a control system for controlling said cooling element;

wherein said control system monitors power consumption
of said electronic component;

wherein said control system predicts a temperature of said
clectronic component based on said power consump-
fion of said electronic component and adjust said
operation of said cooling element based on said pre-
dicted temperature.
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